Background The closure of a stoma site has a high incidence of incisional hernia (IH) development, reaching 30% in some studies. Location and defect size in the abdominal wall depend on the type of stoma formed, most commonly a loop ileostomy or terminal sigmoid colostomy. Methods The retrospective single-centre study includes all consecutive patients who underwent stoma reversal between 2010 and 2016 at the Department of Visceral, Transplant and Thoracic Surgery in Innsbruck. Patient characteristics and follow-up examinations were evaluated for IH at both the stoma reversal site and at any other surgical access sites. Results A total of 181 patients (49% female, 51% male) had a stoma reversal operation. A parastomal hernia was present in 5% (n = 9). Follow-up data was available for 140 patients (77%). A postoperative IH at the stoma reversal site developed in 15.7% (n = 22) and in 18.6% (n = 26) at other surgical wounds to the abdominal wall during a median follow-up of 136 weeks. The combination of a preoperative parastomal hernia and a postoperative IH was observed in 2.8% (n = 5). Parastomal herniation, male sex, body mass index over 25, arterial hypertension and concomitant ventral hernia were associated with IH formation at the stoma reversal. Conclusion The rate of IH at the stoma reversal site was lower than expected from the literature, whereas the rate of IH at other surgical wounds to the abdominal wall was within the expected range.
Introduction

Background
Formation of an intestinal stoma is an important tool in the surgeon's repertoire to control or prevent abdominal sepsis and treat bowel obstruction. In an elective setting, the most common application is a temporary diverting ileostomy in order to 'protect' a critical bowel anastomosis after resection of the rectum and prevent leakage of faeces into the abdominal cavity. In other cases, inflammatory or neoplastic diseases might make an anastomosis unfeasible and a stoma is a quick and safe means for securing intestinal function (e.g.
Hartmann's procedure in patients with perforated sigmoid diverticulitis; transverse colostomy in patients with bowel obstruction due to metastatic cancer).
Regardless of the underlying disease, a stoma significantly impacts on patients' activities of daily life, social and sexual function. This, apart from directly stoma-related morbidity, incentivizes patients and surgeons to carry out a reversal operation restoring the intestinal passage and closing the defect in the abdominal wall. The latter usually involves a direct suture repair of the fascia and various techniques to address the inevitable wound contamination by the abounding commensals of the intestinal tract. Wound infection after abdominal wall closure is found to be a risk factor for incisional hernia (IH) formation in some studies [1] whereas others do not confirm this [2] . Regardless of its direct effect, it influences the discussion of suture materials and preventive measures such as mesh reinforcement. These are called for because the incidence of IH is as high as 34%, and the affected patients frequently are subjected to a subsequent hernia repair operation [3] . Other reported risk factors for IH formation at the stoma site include obesity, diabetes mellitus, chronic obstructive lung disease and arterial hypertension [4] . Many other factors (smoking, suture technique, sex, priority of operation, hypoalbuminemia, anaemia, cardiovascular disease, renal failure, systemic glucocorticoid medication, ASA score, underlying disease, prior and following laparotomies, history of hernia, concomitant hernia, type of stoma, interval of stoma in situ, type of skin closure, length of hospital stay) have been examined but not found to influence IH incidence to a level of statistical significance [2] .
Objectives
The aim of this retrospective cohort study is to determine the rate of IH in our patients and to test the hypothesis that modifiable and non-modifiable risk factors for IH formation are present.
Material and methods
This manuscript was written in accordance with the STROBE statement: Strengthening the reporting of observational studies in epidemiology [5] .
Study design and setting
A retrospective cohort was analysed for its incidence of incisional hernias at the stoma site after stoma reversal operation at the department of Visceral, Transplant and Thoracic surgery of the Medical University of Innsbruck, Austria. The ileostomy reversal operation often is performed as teaching operation by surgical trainees under direct supervision of a colorectal surgeon. Colostomy reversals were performed by consultant surgeons or advanced trainees. Closure of the abdominal wall defect at the stoma site was performed with interrupted stitches of an absorbable braided suture (Vicryl or Polysorb USP 1) after clearing of fascia margins as per the institutional standard. The method of skin closure was not uniform: direct skin closure with a Penrose drain was replaced by the purse-string closure method during the last year of the study period.
As a centre for tertiary referral and surgical oncology, a comprehensive oncological follow-up clinic is established and all patients with a tubular gastrointestinal malignancy are examined clinically and by CT scan every 6 months in the first 2 years, followed by 12 monthly examinations until 5 years postoperatively. Some oncological patients were not subjected to standardised follow-up because of a decision to provide best supportive care, limited disease or advanced age. Non-oncologic patients were not subject to systematic followup, and clinical or radiologic examination was only performed on request of the surgeon or when mandated by unrelated medical conditions. CT scans were examined by radiology consultants and surgeons independently. Incisional hernia was diagnosed clinically and radiologically. The development of an IH at the stoma reversal site was noted as well as IH at other abdominal wall incisions (laparotomy or laparoscopy). For parastomal hernias, the intraoperative (re)affirmation of the diagnosis by the surgeon at the time of stoma reversal was required. All demographic, surgical, clinical and radiological data were entered into an Excel file (Microsoft Corp., USA) and analysed with SPSS (IBM SPSS Statistics 24, IBM Corp., USA).
Participants
The eligibility criteria for the study cohort were all consecutive patients who underwent a stoma reversal operation at our department between 2010 and 2016. The patients were identified by querying the electronic operating room log using the procedure codes for ileostomy and colostomy reversal.
Variables
From the electronic medical records, patient baseline data was acquired for the perioperative hospitalisation period: age, sex, disease type (either colon cancer, rectal cancer, gynaecological cancer, inflammatory bowel disease, diverticulitis, bowel perforation -not diverticulitis, cystic fibrosis and other), TNM stage, UICC stage, body mass index, length of stay, chemotherapy, radiotherapy, time since last bowel movement before the stoma reversal, time to first bowel movement after the reversal operation, smoking and drinking habits, maximum postoperative C-reactive protein, creatinine, estimated glomerular filtration rate (MDRD-IDMS), blood glucose, temperature, blood pressure and heart rate as well as minimum haemoglobin during the perioperative hospitalisation period, and the following comorbidities: diabetes mellitus, cardiovascular disease (history of myocardial infarction, congestive heart failure CHF, coronary heart disease, peripheral vascular disease), arterial hypertension, chronic kidney disease, chronic obstructive pulmonary disease (COPD), systemic steroid treatment and history of abdominal wall hernia.
From the follow-up examinations, data on IH at the site of stoma reversal or at any other surgical access site, symptomatic IH, IH repair operation, time from operation to IH, time followed up and death during followup were extracted.
Primary outcome was the occurrence of an IH at the site of stoma reversal. Secondary outcome was the occurrence of IH at any other surgical access site. An IH was defined as published in the European Hernia Society statement on abdominal wall hernias [6] .
Statistical methods
Primary and secondary endpoints were assessed using survival time and time-to-event analysis (Kaplan-Meier). Continuous variables were assessed using mean and standard deviation and median and quartiles. Categorical data was processed using absolute and relative incidence, and Fisher's exact test was used to evaluate for significant contingency (p < 0.05 indicating significance). For the multivariate analysis, a binary logistic regression was performed. Calculations were done using the SPSS Software (IBM SPSS Statistics 24, IBM Corp., USA).
Results
Participants
From the operating room logbook, 198 patients with a stoma reversal operation from 2010 to 2016 were identified. Seventeen patients were excluded because a stoma reversal was not performed, a mesh reinforcement was used or the stoma was reestablished at the same site. The study cohort includes 181 patients, of whom 41 were lost to follow-up. A flowchart is shown in Fig. 1 .
Descriptive data
The baseline data are given in Table 1 for the 181 patients that underwent a stoma reversal and for a subset of 71 patients that were followed up in our oncology clinic for rectal cancer after ileostomy reversal. For the entire group (n = 181), the patients had a mean age of 53.5 years, 48.6% were female and the underlying disease was a malignancy in 59.1% of cases. The majority of operations concerned ileostomies (92.2%), and only 7.8% of patients had a colostomy. Terminal stomas were a minority (14.9%) in contrast to 85.1% loop ostomies. Almost 60% of patients presented with a body mass index (BMI) in the normal range (18.5-25.0) and comorbidities were infrequent, arterial hypertension in 23% of cases being the diagnosis most often observed. A parastomal hernia was noted during the stoma reversal operation in 5.6% of cases, a history of abdominal wall hernia was given in 6.8% of cases. The mean length of stay was 21.5 days (median 10.5, P25-75: 8.0-15.75) and almost a third of patients dropped their estimated glomerular filtration rate (eGFR) below 60 ml/min/ 1.74 m 2 during the perioperative hospitalisation. The subgroup including only the rectal cancer patients (n = 71) differed in sex (67.6% males), obesity rates (37.3% overweight), length of stay (mean 13.5 days, median 10 days, P25-75: 8.0-15.0) and reduced eGFR in over 60% of cases. In 26.6% of cases, the operation was performed by a surgical trainee, the rest by board certified surgeons.
Outcome data
The outcome data analysis includes 140 patients, 41 patients were excluded because they were lost to follow-up. An incisional hernia at the stoma reversal site was observed in 22 patients (15.7%) during a mean follow-up of 32.2 months (2.7 years) resulting in an incidence rate of 5.8 per 100 person-years. For the subgroup of rectal cancer patients with complete oncologic follow-up, the IH rate was 16.9% during a mean follow-up of 36.8 months (3.1 years) resulting in an incidence rate of 5.5 per 100 person-years. Incisional hernias at other surgical access sites were diagnosed in 18.6 and 29.6% for the two patient groups (all patients vs. rectal cancer patients), respectively; a hernia repair operation was performed in 26.2 and 23.1% of those patients, respectively ( Table 2 ). Classification of the observed incisional hernias according to the European Hernia Society [7] is provided in Table 3 . The incidence of IH at the stoma site over time for the subgroup of 71 rectal cancer patients is given in Fig. 2 . The mean time to the event of IH at the stoma site was 9.7 months, the median 3.4 months of follow-up.
Risk factors
Possible risk factors were analysed for their impact on the development of IH after stoma reversal operations. Fisher's exact test was used to compare significant differences between groups and a multivariate analysis (binary logistic regression) was performed for selected risk factors (Table 4) . Male sex, increased BMI, arterial hypertension and presence of a parastomal hernia at time of the stoma reversal were statistically significant in this analysis.
Discussion
Key results
Incisional hernias at the site of stoma reversal were observed in 15.7% with a mean follow-up time of 32.2 months (or 2.7 years). In the studied cohort, male sex, high BMI, arterial hypertension and presence of a parastomal hernia at the time of the reversal operation were risk factors for developing an IH at the stoma site.
Limitations
In this retrospective analysis, baseline data was not adequately recorded in all cases. Additionally, follow-up was performed systematically only for a subgroup of patients. The majority of procedures were ileostomy reversals, and findings might deviate for more challenging colostomy reversals. A selection bias towards patients fit enough to have a non-mandatory stoma reversal operation exists. Not all parameters of interest could be ascertained retrospectively from the operation notes to a level of completeness that allowed statistical analysis, e.g. suture size and type, suture technique (full thickness bites vs. fascia-only, running vs. interrupted), proximity of the stoma site to the midline and most importantly, the rate of surgical site infection (SSI). As SSIs were not systematically monitored for and the number of recorded incidents was exceptionally low, we chose not to include them in our analysis. The low case number is responsible for imprecision in the calculated numbers, as seen by sizeable confidence intervals and stretches between percentiles.
Interpretation
The overall rate of incisional hernias at the stoma site after reversal operation at our institution was 15.7%. This lies at the lower end of the spectrum reported in the literature (up to 31%) [3, 4, [8] [9] [10] . Striving for a more precise analysis, a subgroup of patients with ileostomy reversal after low anterior resection for rectal cancer with systematic oncological followup including regular CT scans was studied. These patients had a just slightly higher incidence of IH at the stoma site (16.9 vs. 15.7%).
The rate of incisional hernia at any other surgical access site to the abdomen was high with 18.6% overall and 29.6% in the rectal cancer subgroup. In the literature, even higher rates (up to 45% [8] ) are reported during comparable follow-up times. The difference between the overall rate and the rate of the rectal cancer subgroup might be attributed to the systematic follow up including multiple CT scans per patient, with high sensitivity in detection of asymptomatic, small abdominal wall hernias [11] . The low rate of significant comorbidities, especially obesity, might be responsible for the favourable outcome of our patients when compared to the literature. Nevertheless, the known measures to reduce IH rates (see EHS guidelines on laparotomy closure [12] ) need to be enforced. From a technical point of view, closure of the fascia was made by interrupted short-term absorbable sutures and thus contrary to current recommendation by the EHS guidelines for primary abdominal closure, albeit the closure of the stoma defect is a secondary one, for which there is no generally accepted recommendation.
Some risk factors for IH formation were identified that have not previously been reported, i.e. male sex and arterial hypertension. The latter possibly was a surrogate marker for metabolic syndrome in our cohort, and the former might be explained by a higher mean BMI (male 24, female 20) and a sex-specific higher prevalence of intraabdominal fat with subsequent higher stress on the abdominal wall. An increased BMI is a known risk factor for IH formation and was confirmed in our patients [13] . Finally, the presence of a parastomal hernia has not been explicitly named as a risk factor for IH formation before our study, but the recurrence rates for any type of hernia repair (especially without mesh reinforcement) are known to be high in any setting (46% and P25 25th percentile, P75 75th percentile a % (n/N) n = number of patients/N = total number of patients b For hernias extending over more than one M zone, each affected zone was counted 23% 3-year cumulative rate for suture repair and mesh repair respectively, according to [1] ). A number of trials exist that evaluate prophylactic mesh reinforcement of the abdominal wall either at the time of stoma reversal or at the time of stoma creation (e.g. keyhole technique). The ROCCS trial (University of Birmingham, ClinicalTrials.gov: NCT02238964) and the ILEOCLOSE trial (University of Vall d'Hebron, Barcelona, clinicaltrials. gov: NCT02226887) are ongoing to examine the use of biological and absorbable synthetic meshes. A number of prospective trials have already shown the safety, efficacy and benefit of using prophylactic meshes. A recent, larger, matched-case series used a non-absorbable synthetic mesh on the posterior rectus sheath with very promising results (IH rate of 1% vs. 17%, [14] ). Based on our institutional data, a randomised controlled trial to further test prophylactic mesh implantation should only be undertaken on a multicentre level lest it be underpowered.
Implications for patient care
Gastrointestinal stoma formation offers few technical variations: fixation with sutures and possibly a rod; the stoma opening must be wide enough for the intestine, but should not cause incisional hernias; if the stoma opening is too small, it leads to impaired blood perfusion and faecal obstruction. When considering implantation of non-absorbable meshes, bacterial contamination associated with a high risk of wound infection has to be taken into account. In addition, every mesh augmentation of a stoma has the same basic flaw, i.e. the opening through which the intestine has to pass (e.g. keyhole technique, sandwich technique). Prophylactic mesh reinforcement therefore is quite controversial, especially in temporary stomas and it is a moot point, whether expensive mesh reinforcement during transient stoma creation is indicated when the ostomy reversal is planned a few months later. After stoma reversal surgery, wound healing disorders occur in up to 41% of cases [15] , hardly avoidable because of the high bacterial load. Non-absorbable mesh implantation therefore is to be carefully considered. When a non-biological material is implanted, different techniques are to be considered: regarding SSIs, the best place would be outside the peritoneal cavity and without contact with the subcuticular plane; regarding hernia prevention, the ideal place from a biomechanical point of view is the rectus sheath, but the anatomical structures are often disturbed by previous procedures and thus an anatomical correct preparation is difficult. In a recent multicentre randomised controlled trial, an epifascial (i.e. onlay) mesh had the best effect in IH prophylaxis [16] . In our study cohort, 75.6% (31/41) of patient were not operated for their IH either because they were oligosymptomatic or unwilling to undergo additional surgery. Therefore, the burden of disease might be lowered considerably by prophylactic mesh reinforcement at the time of stoma reversal. Stomas are maintenance-intensive and often limit the patient's activities either physically or psychologically and many patients actively demand a stoma reversal. Due to a perioperative morbidity of over 50% and significant comorbidities [17] , many patients after sigmoid perforation never have their stomas reversed. Nineteen percent of patients after low anterior resection for rectal cancer received a permanent stoma in a recent trial [18] . Thus, it is crucial for these patients to create an optimal stoma to guarantee uncomplicated ostomy care and prevent development of a parastomal hernia. The rate of parastomal hernias in our study was low, as only stoma reversals were analysed which are typically performed within the first 6 months after stoma formation. Stoma hernias carry a high burden of disease, with incarceration being a rare but serious complication. Surgical repair is performed in up to 56% of cases [19] but is plagued with a high recurrence rate (about 75% in direct repair and up to 16% in mesh repair, [20] ).
In our collective, nine patients had a parastomal hernia; of those, five patients developed an IH at the stoma reversal site. This might be attributed to significantly damaged or thinned out tissue in these cases.
Based on the findings in our study and literature, we see no need for temporary stoma formation with mesh reinforcement, as the parastomal hernia rate is low and mesh use is a significant cost factor. At the time of stoma reversal, prophylactic mesh reinforcement can be considered depending on the known risk factors (i.e. parastomal, concurrent IH, obesity, possibly also sex and arterial hypertension) but there is little evidence to support it. In case of an IH after stoma reversal, mesh reinforcement is indicated as in any incisional hernia repair. Furthermore, patients should be encouraged and provided with multimodal support in reducing modifiable risk factors (i.e. obesity) prior to an elective procedure.
Conclusion
Incisional hernias at the stoma reversal site as well as at other surgical access sites occurred with relevant incidence in this study. Obesity and presence of a parastomal hernia were identified as significant risk factors.
